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ABSTRACT 
The mobility of chemically persistent metals in riparian wetland systems that could have 
a detrimental impact on the environment is an area of active research. This study utilized a 
physical model consisting of open water and wetland cells designed to simulate a natural riparian 
wetland to examine the mobility of five metals. The objective of the study was to determine if 
riparian wetlands have the potential to serve as permanent sinks for metals, or if they only serve 
as temporary sinks and with time metals could be remobilized and released. Specifically, this 
study examined the long-term behavior of Co, Cu, Ni, Pb, and Zn in a compressed time frame of 
48 weeks by accelerating processes such as decomposition, inundation cycles, and sediment and 
cypress litter deposition that would occur naturally over a longer time scale.  Concentrations of 
these metals, as well as ORP, were monitored throughout the study in both cells of the model. 
The results of this study show that the environmental conditions in the model allowed for clear, 
observable remobilization of Co, Cu, Ni, and Pb. However, mobilization was primarily limited to 
the wetland cell and significant migration of metals to the adjacent open water cell was not 
observed. It is suggested that the mobilization of these metals occurred under reducing 
conditions where the dissolution of Fe and Mn-oxyhydroxides would have favored the release of 
metals previously adsorbed to these phases.  
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1. INTRODUCTION 
The study of the ability of constructed and natural wetlands to serve as sinks for 
sediments and contaminants, such as metals, is an area of active research (Gill et al., 2014; 
Akinbile et al., 2012; Anbumozhi et al., 2005; Copper et al., 1987; Cheng et al., 2002; Daniels 
and Gilliam, 1996). The majority of studies typically focus on measuring the concentration or 
mass of contaminants entering and exiting a wetland zone, such as during a storm event, to 
assess the ability of the zone to serve as a sink for contaminants. While effectively documenting 
the ability of wetlands to serve as initial sinks, these studies are typically limited to short-term 
observations. There is a need for studies to be conducted that examine the long-term fate of 
metals in wetlands to determine whether these systems serve as permanent sinks, or only as 
temporary sinks and would therefore eventually serve as sources of metals with time.  
Mobilization of elements, including metals, has been previously observed in wetland 
systems. Transport of phosphorous (P) out of a wetland resulting in higher concentrations in an 
adjacent lake has been reported in southern Louisiana (DeLaune et al. 1981). Galicki et al. 
(2008) presented similar findings in Sky Lake, Mississippi, an oxbow lake on the Mississippi 
River ancestral floodplain. In addition to finding higher concentrations of P in lake sediments, 
relative to the surrounding wetland sediment, Galicki et al. (2008) also found higher 
concentrations of arsenic (As) and lead (Pb) in lake sediments relative to wetland sediments 
deposited during the same time period. Clays and organic matter have been shown to be efficient 
scavengers of metals (Du Laing et al. 2006; Lau and Chu, 1999; Sari et al. 2007), but open water 
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sediments did not contain elevated clay or organic matter percentages relative to wetland 
sediments. Sky Lake is also completely surrounded by wetlands, eliminating possible bypass of 
contaminants as an explanation for the higher concentrations of As and Pb in the lake sediment. 
Based on this information, Galicki et al. (2008) proposed a conceptual model in which 
elements initially deposited in the Sky Lake riparian wetland were seasonally remobilized by 
release from decomposing litter, and through uptake by wetland trees that return elements to the 
litter through leaf senescence. Once transported to an open water environment, elements will be 
deposited in the open water sediment where redox conditions are perpetually reducing, resulting 
in their permanent sequestration and preservation of an elevated chemical flux (Howeler, 1972).  
To test the conceptual model offered by Galicki et al. (2008), a study was designed using 
a physical model with the hypothesis that metals in turbid water entering a riparian wetland are 
exposed to organic litter, with a significant mass of metals and sediment initially scavenged by 
the wetland litter. Following cycles of inundation and aeration due to fluctuations in adjacent 
lake water levels, metals will become mobile in the wetland due to decomposition of wetland 
litter and accumulate in the adjacent open lake sediments where redox conditions are perpetually 
reducing. Upon deposition, concentrations of metals in the open water sediments should not 
change significantly once covered by additional sediments.  
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2. MATERIALS AND METHODS 
2.1 Experimental and Model Design 
The riparian wetland that surrounds Sky Lake, MS is characterized by bald cypress 
(Taxodium distichum) as the predominant vegetation and often experiences several inundation 
cycles during any given year. Inundation of the wetland typically results from changing water 
levels in Sky Lake as opposed to stream overflow. Modern sediment accumulation rates in the 
riparian wetland have been reported to be between 0.2 cm/yr and 1.3 cm/yr (Davidson et al. 
2004). Based on this information, a laboratory study was designed to simulate a three-year period 
of activity including leaf senescence, multiple inundation cycles, and sediment deposition that 
would occur naturally at Sky Lake, in a compressed time frame of 48 weeks.  
For this study, a 2 m long riparian transition-zone model was constructed. The model was 
divided into two cells, each 1 m in length, with one cell simulating an open water environment 
and the other a wetland environment (Figure 1). A permeable barrier was placed in the model 
separating the two cells allowing for water to pass from cell to cell. After construction, well-
mixed lake sediment, collected from Beasley Lake, MS, was applied to the model. Beasley Lake 
was selected for sediment collection as it is an oxbow lake on the Mississippi River ancestral 
floodplain with similar morphology to Sky Lake and was readily accessible at the time of 
sediment collection. Sediment was applied to a depth of 5 cm in the open water cell, and to a 
depth of 15 cm in the wetland cell. This difference in depth allowed for the wetland cell to go 
through cycles of inundation and aeration during the study, while the open water cell remained 
continuously inundated. After the sediment was applied, the entire model was inundated and left 
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undisturbed for one month to allow compaction to occur (Figure 1b). Following compaction, 12 
samples were collected from the model, eight from the wetland cell and four from the open water 
cell, to determine background metal concentrations. A layer of bald cypress (Taxodium 
distichum) needles was applied to the wetland cell after compaction with four samples collected 
to determine background metal concentrations in the bald cypress.  
After determining background concentrations, a sediment slurry was prepared using the 
same stock sediment previously collected from Beasley Lake. The slurry was spiked with known 
masses of cobalt (Co), copper (Cu), nickel (Ni), lead (Pb), and zinc (Zn) using metal chloride 
salts, with the assumption that the majority of the mass of each metal would adsorb onto the 
sediment in the slurry (Gibbs, 1977). The target concentration of each metal in the slurry was 
100 times greater than the average background concentration. After creating the slurry, three 
subsamples were collected for analysis to determine the percent recovery of each metal in the 
slurry. When applying the slurry, an impermeable barrier was placed in the wetland cell 
separating the cell into two halves, with the metal spiked slurry introduced to the half of the 
wetland cell furthest from the open water cell. The other half of the wetland cell also received a 
sediment slurry, without any metal addition, while the open water cell was left undisturbed. 
Following application of the slurries, the barrier was removed, and an additional layer of bald 
cypress needles was applied to the entire wetland cell covering the slurries. The model 
underwent a total of 12 inundation-aeration cycles, with inundation lasting for one week and 
aeration for three weeks during each cycle. The model was inundated by introducing sediment-
laden water to the open-water cell and allowing the water level to rise very gradually as not to 
physically disturb the previously deposited sediment. The amount of sediment added during each 
inundation resulted in an additional deposition of approximately 0.17 cm of sediment to each 
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cell, or 0.5 cm every three cycles. During aeration periods, water was removed slowly from the 
model to prevent mobilization of deposited sediment and the water level was always lowered 
below the initial spiked sediment layer in the wetland cell. Bald cypress needles were applied to 
the wetland cell after the 4
th
 and 8
th
 inundation-aeration cycles to simulate the seasonal leaf 
senescence that adds a layer of organic litter in a riparian wetland.  
In order to enhance the decomposition process, the model received a constant source of 
light representative of the UV range of natural sunlight and was kept at 30 °C using 
thermostatically controlled heat lamps. Natural processes that were not simulated in the physical 
model included evapotranspiration, vegetation growth, floatation and redistribution of matted 
organic litter, and sediment remobilization from higher energy flooding or draining.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1 - 1a (Top) - Model illustration with center barrier separating open water from wetland 
cells was permeable and permanent. Barrier inside the wetland cell was impermeable and 
removed after initial application of spiked sediment. 1b (Bottom) - Photograph of model with 
same orientation as 1a.  
   Aeration Water Level 
       Open Water Cell         Wetland Cell 
    Non-spike 
d 
           Spiked 
        Inundation Water Level  
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Sediment and cypress needle samples were collected after the 3
rd
, 6
th
, 9
th
, and 12
th
 
inundations to be analyzed for metal concentrations. For each sampling round, samples were 
collected from the sediment and cypress needle layers initially deposited at the start of the study, 
along with the sediment and cypress layers deposited during the inundations, so that samples 
were collected from every deposited layer each sampling round. Therefore, the total number of 
samples increased with each sampling round to account for additional sediment and cypress 
needle layers that were applied in-between sampling rounds. (Table 1). 
    Table 1 - Sampling Plan and Study Schedule 
Cycle 
Number 
Weeks 
Sampling 
Round 
Number of sediment 
samples collected 
Number of cypress 
samples collected 
0 0 1 12 4 
1 4 - - - 
2 8 - - - 
3 12 2 18 4 
4 16 - - - 
5 20 - - - 
6 24 3 24 8 
7 28 - - - 
8 32 - - - 
9 36 4 30 12 
10 40 - - - 
11 44 - - - 
12 48 5 36 12 
 
2.2  Sample and Data Collection 
Sediment samples were collected using a 1 cm diameter syringe with the needle end cut 
off, giving the syringe an open-barrel bottom. The syringe was placed against the sediment with 
the plunger initially fully depressed. The plunger was drawn back as the syringe was pushed into 
the sediment, resulting in minimum compaction. In the wetland cell, sampling proved more 
complicated due to the presence of cypress needles which would not easily pass into the syringe. 
Therefore, when sampling in the wetland cell, the syringe was pushed down until resistance was 
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met from cypress needles. Cypress needles were then clipped out and collected before continuing 
use of the syringe.  
In addition to collecting sediment and cypress samples, Oxidation-Reduction Potential 
(ORP) was monitored during the study to examine the impact of changing ORP on potential 
metal mobilization. A suite of ORP electrodes was constructed by soldering small pieces of 
platinum wire to 12 gauge copper wire, a method adapted from Faulker et al. (1989).  Electrodes 
were inserted at depths of 0, 1, and 2 cm below the sediment surface in two locations in each 
cell. Prior to insertion, the ORP electrodes were tested for accuracy using a Zobell’s solution. In 
addition, the electrodes were retested against the Zobell solution twice during the experiment. 
ORP electrodes not having a test value ± 10 mV from the known Zobell’s solution ORP were 
cleaned and retested, or discarded.  
When the model was in the process of being inundated or aerated, ORP was measured for 
each electrode every two hours, and attempted at least once every 72 hours thereafter. When left 
in reduced environments, ORP electrodes can produce erroneous values due to sulfide fouling 
(Whitfield, 1974). Therefore, the electrodes were cleaned weekly using a steel brush and inserted 
back into the model. The location of the inserted electrodes was varied throughout the study in 
order to account for potential spatial variability of ORP. During testing, the ORP of each 
electrode was measured against a calomel reference electrode filled with 3 M KCl solution.  The 
measured ORP values, referred to hereafter as Eh, were corrected to the standard hydrogen 
electrode (SHE) using a correction factor of 244.3 mV (DeLaune and Reddy, 2005) in order to 
express the values as Eh.  
 
 
 8 
 
2.3 Analytical Methods 
After each sampling round, collected sediment and cypress samples were stored at 4 °C 
in 50 mL polypropylene centrifuge tubes until the samples were prepared for analysis. Prior to 
analysis, all samples were dried at 60 °C until constant weight was achieved. After drying, each 
sample was digested by adding 10 mL of trace-metal grade nitric acid to the 50 mL centrifuge 
tubes, which were then heated at 80 °C for six hours. Digestion using nitric acid alone is not 
considered to be a complete digestion, which requires the use of hydrofluoric and perchloric 
acids to destroy the crystalline lattice structure. However, metals incorporated into the crystalline 
lattice structure are considered to be environmentally unavailable aside from weathering. 
Chemical forms of metals that are thought to become environmentally mobile under certain 
conditions include metals adsorbed to organic matter or manganese (Mn) and iron (Fe) 
oxyhydroxides. Metals adsorbed to these phases can be brought into solution using a strongly 
oxidizing acid such as nitric acid. As a result, nitric acid alone has been used for the digestion of 
environmental samples (Berrow and Stein, 1983; Krumgalz and Fainshtein, 1989; Tam and Yao, 
1999) and was used for this study as the objective was to examine the environmentally mobile 
chemical forms of the studied metals.  After digestion, samples were diluted using 18.2 mΩ/cm-
purity deionized water. All samples were analyzed using Inductively Coupled Plasma Mass 
Spectrometry (ICP-MS). Blanks and reference materials were digested and prepared along with 
the sediment and cypress samples for quality control and assurance.  
2.4 Mass Balance 
After all samples had been analyzed, a mass balance was conducted to determine the 
extent to which the mass of each metal applied at the start of the study redistributed within the 
model using the following equation: 
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M = ∑(S*Cm*i) - (Cb*ST)    where: 
M - total mass of metal (mg) 
S - mass of sediment/cypress in each layer (kg) 
i - percentage of layer represented by each sample 
Cm - concentration of metal in sediment/cypress sample (mg/kg) 
Cb - background concentration in sediment/cypress (mg/kg) 
ST - total mass of sediment/cypress (kg) 
 
While the area of each cell of the model was the same, as well as the mass of sediment 
applied to each cell during each inundation round, the number of sediment samples collected 
from each cell was not. Therefore, since four sediment samples were collected from each 
deposited layer in the wetland cell compared to only two in the open water cell during each 
sampling round, the i values used for each sediment sample in the wetland and open water cells 
were 0.125 and 0.25 respectively, to account for this variation.  
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3. RESULTS AND DISCUSSION 
3.1 Background Metal Concentrations  
Background sediment metal concentration data obtained from sediment samples collected 
following the initial compaction period is summarized in Table 2. Metal concentrations varied 
within the sediment samples for each studied metal, particularly Zn. Background cypress metal 
concentration data is summarized in Table 3. Overall, data variance within the cypress was less 
pronounced compared to the sediment data.  
 Table 2 - Background sediment metal concentrations (n = 12). 
Element Mean concentration (ppm) Range (ppm) Standard Deviation 
Co 8.72 4.81 - 16.8 3.95 
Cu 16.7 12.2 - 25.7 4.47 
Ni 18.4 14.0 - 27.1 5.03 
Pb 22.8 13.2 – 38.7 9.21 
Zn 326 157 – 880 210 
 
 Table 3 - Background bald cypress metal concentrations (n = 4) 
Element Mean concentration (ppm) Range (ppm) Standard Deviation 
Co 1.92 1.46-2.62 0.545 
Cu 8.07 4.60-15.0 4.68 
Ni 2.77 2.29-3.27 0.405 
Pb ND ND - 
Zn 40.3 22.5-52.7 12.8 
ND: Non-detect (Limit of Detection (LOD) = 0.3 µg/L) 
 
3.2 Eh  
Eh data collected during the study for both the open water and wetland cells is 
summarized in Figures 2 and 3. Eh data presented in the figures represents an averaged value 
between the two electrodes at the same depth in each cell. Eh varied within both cells, with the 
wetland cell exhibiting greater variations in Eh regardless of depth. Significant Eh variation is 
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common in natural wetland soils with a range of +700 mV to – 300 mV reported (DeLaune and 
Reddy, 2005). As a general trend, Eh decreased with depth, with the wetland cell showing lower 
average Eh values relative to the open water cell at equivalent depths. Eh in the open water cell 
averaged 449±129, 235±93, 165±48 mV with ranges of +654 to –82, +446 to –16, +259 to –4 at 
depths of 0, 1, and 2 cm, respectively. During inundation in the wetland cell, Eh averaged 279 ± 
200, 85 ± 150, 71 ±106 mV with ranges of +552 to –191, +320 to –204, +283 to –192 mV at 
depths of 0, 1, and 2 cm, respectively. While during aeration in the wetland cell, Eh averaged 
457 ± 107, 182 ± 144, 66 ± 97 mV with ranges of +622 to +61, +477 to –132, +242 to –240 mV 
at depths of 0, 1, and 2 cm, respectively. 
Lower average Eh values in the wetland cell can potentially be attributed to the increased 
organic matter in this cell, as cypress needles were applied three times during the study. 
Increased organic matter in the wetland cell would provide additional substrate for 
microorganisms, which in turn would lead to decreased Eh values as microorganisms consume 
the available substrate using available oxygen (O2) as a terminal electron acceptor before 
switching to other terminal electron acceptors such as nitrate (NO3
-
), Mn
4+
, and Fe
3+
. Initial 
adsorption, followed by release of metals to Mn and Fe-oxyhydroxides due to dissolution of 
oxyhydroxides under reducing conditions has been documented (Grybros et al. 2007; 
Charlatchka and Cambier 2000; Zachara et al. 2001; Olivie-Lauquet et al. 2001). As a result, Eh 
can significantly impact metal mobilization, as at approximately 200 mV, Mn
4+
 can be reduced 
to Mn
2+
 and at approximately 100 mV, Fe
3+
 can be reduced to Fe
2+
 as bacteria use these elements 
as terminal electron acceptors (DeLaune and Reddy, 2005).  
Given that, on average, Eh was below 200 mV at 1 cm below the sediment surface and 
below 100 mV at 2 cm depth in the wetland cell, release of metals from these oxyhydroxides 
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could have played an important role during this study. This mechanism combined with the 
decomposition of organic matter could explain some of the results observed in this study, as 
given the redox conditions, metals could be released from decomposing cypress litter and 
oxyhydroxides at depths greater than 1 cm beneath the sediment surface in the wetland cell. 
Fresh cypress liter and redox conditions that did not favor the dissolution of Mn and Fe-
oxyhydroxides near the sediment surface could have allowed the released metals to be re-
adsorbed in the wetland cell of the model. During the 9
th
 cycle of the study (coinciding with 
sampling round 4), both cells experienced a significant decrease in Eh at the sediment surface (0 
cm). This decrease in Eh was attributed to an algal bloom that occurred on the sediment surface 
of both cells. As the algae decomposed naturally, dissolved oxygen in the overlaying water 
would decrease, thus lowering the Eh. 
 
 
 
 
 
 
 
 
 
 
 
Figure 2 - Five point (5-14 days) moving average of open water cell Eh. 
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Figure 3 - Five point (5-14 days) moving average of wetland cell Eh. 
3.3 Quality Control and Assurance 
Two reference materials, San Joaquin Soil (SRM 2709) and Buffalo River Sediment (RM 
8704) were utilized as a part of this study for quality control purposes. These reference materials 
were prepared for analysis using the same digestion procedure as outlined in Section 2.3 and 
were analyzed using ICP-MS alongside the samples collected over the course of the study, with 
one reference sample analyzed for every 20 sediment samples. Obtained results and reported 
reference concentration values are shown in Table 4 below. In addition, data from the three 
sediment samples collected after preparing the spiked slurry is shown in Table 5 below. Percent 
recoveries for the Buffalo River Sediment were ≥ 80% and excluding Pb, percent recoveries for 
the San Joaquin Soil were ≥ 84% for all studied metals. Since the digestion method used for this 
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study utilized nitric acid only, full recovery to the reported concentrations is not expected for all 
elements as the reference materials were prepared for analysis using a mixed acid digestion.   
Percent recoveries for the spiked slurry samples varied with all metals, with the exception 
of Ni, having lower average percent recovery values compared to the two reference materials. 
Like the San Joaquin soil, Pb had the lowest average percent recovery, averaging 49% for the 
spiked slurry compared to 56% for the San Joaquin Soil. However, the average percent recovery 
for Pb in the Buffalo River Sediment was 97%, which implies that some portion of Pb was 
adsorbed to the sediment in the spiked slurry and San Joaquin soil in a manner which could be 
extracted using the digestion method described in Section 2.3 leading to low percent recovery 
values. 
Table 4 - Reference material metal concentrations (Buffalo River Sediment n = 3, San Joaquin 
Soil n = 3). 
Element Reference Material 
Average 
(ppm) 
Range 
(ppm) 
Published 
Value (ppm) 
Percent 
Recovery 
Co Buffalo River Sediment 12.1 11.8-12.3 13.57 ± 0.43 84-94% 
Co San Joaquin Soil 12.8 12.5-13.0 13.4 ± 0.7 89-102% 
Cu Buffalo River Sediment 92.6 90.3-95.9 - - 
Cu San Joaquin Soil 34.0 32.9-34.9 34.6 ± 0.7 93-103% 
Ni Buffalo River Sediment 37.8 37.3-38.7 42.9 ± 3.7 80-99% 
Ni San Joaquin Soil 80.0 78.1-84.1 88 ± 5 84-101% 
Pb Buffalo River Sediment 145 142-147 150 ± 17 85-111% 
Pb San Joaquin Soil 10.5 10.1-10.9 18.9 ± 0.5 52-59% 
Zn Buffalo River Sediment 391 384-397 408 ± 15 91-101% 
Zn San Joaquin Soil 97.1 93.3-101 106 ± 3 86-98% 
 
  Table 5 - Spiked slurry metal concentrations (n = 3). 
Element 
Average 
(ppm) 
Range 
(ppm) 
Expected Concentration (ppm) 
Percent 
Recovery 
Co 632.3 582.3-720.6 870.0 67-83% 
Cu 1345 1253-1436 1670 75-86% 
Ni 1915 1744-2194 1840 95-120% 
Pb 1128 1042-1257 2280 46-55% 
Zn 22967 
21170-
25580 
32600 65-78% 
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3.4 Overview of Metal Concentration Results  
Data obtained from sediment and cypress samples collected during the study is 
summarized in Figures 4-8 below for all studied metals. The datum in Figures 4-8 represents the 
point 1-cm below the initial sediment surface interface at the start of the study, with the sediment 
surface representing the sediment-water or sediment-air interface during inundation and aeration 
respectively. As additional sediment and cypress litter was deposited, the distance of the 
sediment surface from the datum increased as the study progressed and additional samples were 
collected to quantify the metal concentrations in these supplemental cypress and sediment layers.  
Since during each sampling round, two sediment samples were collected from each depth 
in each portion of the model (open water, wetland non-spiked, and wetland spiked), results 
below represent the averaged value of the two samples with individual sample data provided in 
Appendix A. The background concentration range lines represent the minimum and maximum 
concentration values from the initial 12 sediment samples collected during sampling round 1 and 
as a result, each figure starts with sampling round 2. Cypress data points in the figures below 
also represent averaged values, as two cypress samples were collected from each cypress layer in 
each zone of the wetland cell during each sampling round with individual cypress sample data 
also found in Appendix A. “Cypress spike” data points refer to cypress samples that were 
collected from the zone of the wetland cell that was initially spiked with the metal-laden 
sediment slurry at the start of the study, while “cypress non-spike” data points refer to cypress 
samples collected from the zone of the wetland cell that was not spiked at the start of the study.  
Based on the collected data, there is clear evidence that mobilization of metals from the 
spiked sediment layer occurred. Direct evidence of vertical migration was evident from the 
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persistent concentrations above background for all metals in sediments and cypress overlying the 
initial spiked layer. Indirect evidence of horizontal migration, over distances of at least a few 
centimeters, was apparent from the large discrepancies in mass balances (discussed later) for 
vertical profiles, consistent with variable horizontal distribution. Potential mechanisms for the 
migration of metals from the original spiked slurry include simple diffusion and advective 
transport as water rose and fell with inundation cycles.  
During sampling round 4, the uncharacteristically low Eh observed at the sediment 
surface coincided with a temporary increase of Cu, Ni, and Pb, that was not detected during 
sampling round 5. An increase in concentration of these metals was detected even in sediment 
samples collected beneath the original spiked slurry layer in the wetland cell. The exact reason 
for this is unclear, but Eh at the sediment surface in the wetland cell during sampling round 4 
would have favored the dissolution of  Mn and Fe-oxyhydroxides whereas during all other 
sampling rounds dissolution would not have been expected. Therefore, it is suggested that the 
unique Eh conditions during sampling round 4 may have resulted in shift in metal 
concentrations, with some downward migration occurring. This increase was not preserved, as 
Eh conditions more characteristic of the rest of the study after sampling round 4 resulted in the 
redistribution of metals.  
The results of the mass balance conducted at the conclusion of the study showed 
significant variability between sampling rounds, with the calculated distribution of some metals 
often times greatly exceeding the total mass that should be present in the model. This suggests 
that after mobilization, redistribution of metals is highly variable (vertically and horizontally) 
and as a result individual point samples were not entirely representative of the layers from which 
they were obtained. Therefore, a significantly higher sampling density would have been required 
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to conduct an adequate mass balance. However, given that each cell was only 1 m in length, a 
significantly higher sampling density would have comprised the integrity of the model by 
creating a high density of vertical perforations.  
3.4.1 Co 
Co data obtained from collected sediment and cypress samples are summarized in Figure 
4. Sediment samples collected from the wetland spiked portion consistently had averaged Co 
concentrations above the background concentration range indicating that there was some upward 
migration of Co from the underlying sediment and cypress litter during the study. Elevated Co 
concentrations observed in sediment samples collected from the wetland spiked portion match 
what would occur theoretically based on the Eh conditions in the wetland cell. As reducing 
conditions present beneath the sediment surface favor the release of Co bound to Mn and Fe-
oxyhydroxides (Grybros et al. 2007), the released Co could then be adsorbed in the overlying 
sediment, where generally aerobic conditions would not favor the release of Co from these 
oxyhydroxides. While some sediment samples collected from the wetland non-spiked portion did 
have Co concentrations above the background concentration range, the majority did not. As a 
result, there was no clear observable trend for Co mobilization like what which was observed in 
the wetland spiked portion.  
All sediment samples collected from the open water cell had Co concentrations within the 
background concentration range, indicating no observable migration of Co to this cell. In 
addition, this indicates that the elevated Co concentration observed in sediment samples 
collected from the wetland portion of the model must have resulted due to migration of Co from 
previously deposited layers and not from new sediment deposited throughout the study, as the Co 
concentration in the open water sediment remained within the background concentration range. 
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Co data obtained from cypress samples further indicates that migration of Co, with adsorption to 
cypress litter, occurred. The lowest averaged Co concentration observed during the study was 
10.6 ppm, four times greater than highest background concentration (2.62 ppm).  
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4 - Co data for each sampling round 
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3.4.2 Cu 
Cu data obtained from collected sediment and cypress samples are summarized in Figure 
5. With the exception of the two samples collected closest to the sediment surface in sampling 
round 5, all sediment samples collected from the wetland spiked portion had averaged Cu 
concentrations well above the background concentration range. This trend is similar to that 
observed for Co and suggests that upward migration of Cu occurred during the study. Sediment 
samples collected from both the open water and wetland non-spiked portions of the model during 
sampling rounds 2 and 3 had averaged Cu concentrations within the background concentration 
range indicating that migration of Cu to the sediment in these portions of the model did not occur 
early in the study. During sampling round 4, all sediment samples collected from the wetland 
non-spiked portion had averaged Cu concentrations above the background concentration range. 
However, there was a significant decrease in averaged Cu concentration between sediment 
samples collected from the wetland non-spiked portion between sampling rounds 4 and 5, with 
the exception of the samples collected closest to the datum. Again, the exact reason for this is 
unclear, but the conditions in the model during sampling round 4 were unique compared to the 
other sampling rounds, which may have impacted the mobility of Cu. 
The two sediment samples collected closest to the datum in the open water cell also had 
averaged Cu concentrations above the background concentration range for both sampling rounds 
4 and 5 indicating that migration of Cu from the wetland portion did occur. As previously stated, 
an algal bloom occurred during the 9
th
 cycle of the study that potentially caused the significant 
decrease in Eh near the sediment surface that was observed during this time period. In fact, for a 
period of time during the 9
th
 cycle, the Eh was lower at the sediment surface than at 1 and 2 cm 
below the sediment surface in the open water cell, which was only time this occurred during the 
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study. The reducing Eh values at the sediment surface during sampling round 4 would favor the 
use of Fe
3+
 as a terminal electron acceptor by microorganisms present in the model. Therefore, 
based on the observed Eh values, dissolution of Mn and Fe-oxyhydroxides followed by the 
release of Cu would have been favored at the sediment surface. This provides a potential 
explanation for why Cu concentrations above the background concentration range were only 
observed in samples taken closest to the datum and not those near the surface as would be 
expected.  
Collected cypress samples also show evidence for mobilization of Cu. Samples collected 
from the cypress layer closest to the sediment surface in both the wetland spiked and non-spiked 
portions during sampling round 3 had averaged Cu concentrations close to the sediment 
background concentration range. However, as the study progressed, additional samples collected 
from this same layer showed significantly elevated concentrations of Cu for sampling rounds 4 
and 5. In addition, elevated Cu concentrations were also observed in the cypress layer applied 
after the 8
th
 cycle for both portions of the wetland cell.  
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Figure 5 - Cu data for each sampling round.  
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3.4.3 Ni 
Collected Ni data is summarized in Figure 6. As was observed with Co, all sediment 
samples collected from the wetland spiked portion had averaged Ni concentrations above the 
background concentration range indicating upward migration of Ni. The two sediment samples 
collected closest to the datum in the wetland non-spiked portion also had averaged Ni 
concentrations above the background concentration range consistently throughout the study, but 
sediment samples collected further from the datum had averaged concentrations near or at the 
background concentration range with the exception of sampling round 4. All sediment samples 
collected from the wetland non-spiked portion during sampling round 4 had averaged Ni 
concentrations above the background concentration range. This trend is similar to that of Cu, 
where elevated concentrations were observed in sampling round 4, but some sediment samples 
collected the same distance from the datum showed significant decreases in the averaged 
concentration of these metals in sampling round 5 indicating that the unique environmental 
conditions during sampling round 4 impacted the mobility of these metals.  
Some of the sediment samples collected from the open water portion of the model had 
averaged Ni concentrations above the background concentration range potentially suggesting 
migration of Ni to this cell. However, unlike Cu, a clear observable trend in the open water 
sediment samples was not observed for Ni. Data from cypress samples collected during the study 
also suggest that mobilization of Ni occurred, as all cypress samples collected had averaged 
concentration values at least eight times greater than the highest Ni background concentration 
observed in cypress litter (Table 3). In addition, the Ni concentration increased in the cypress 
layer deposited at 1.67 cm above the datum between sampling rounds 3 and 4 and also in the 
 23 
 
cypress layer deposited at 2.34 cm above the datum between sampling rounds 4 and 5 in the 
wetland non-spiked portion. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6 - Ni data for each sampling round 
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3.4.4 Pb 
Collected Pb data is summarized in Figure 7. While sediment samples collected from the 
wetland spiked portion of the model showed strong evidence of upward migration for Co and Ni, 
Pb data is less clear. Pb data obtained from sediment samples collected from the wetland spiked 
portion of the model varied during the study and a clear trend of an elevated concentration of Pb 
in sediment deposited during the study was not observed.  Like Cu and Ni, anomalous data was 
also observed for Pb during sampling round 4, as the averaged Pb concentration decreased in all 
sediment samples collected at the same height above the datum between sampling rounds 4 and 5 
in the wetland spiked portion. Accurate interpretation of Pb data is further complicated by the 
low percent recovery values obtained for some of the sediments that were tested for quality 
purposes during this study, including the sediment that was applied to the model (Section 3.3).  
Sediment samples collected from the wetland non-spiked portion all had averaged Pb 
concentrations below or within the background concentration range, with the exception of 
sampling round 4, a trend similar to that of Cu and Ni. Samples collected from the open water 
cell of the model all had averaged Pb concentrations at or below the background concentration 
range throughout the study. All cypress samples collected at 1 cm above the datum from the 
wetland spiked portion of the model had averaged Pb concentrations well above the sediment 
background concentration range implying that a significant amount of Pb in the initial spiked 
sediment slurry adsorbed to this cypress layer. The averaged Pb concentration in cypress samples 
collected at 1.67 cm above the datum from this portion of the model increased with time 
suggesting upward migration of Pb and preferential adsorption to the cypress litter over 
sediment. Cypress samples collected from the wetland non-spiked cell of the model only showed 
significantly elevated concentrations of Pb during sampling round 4.  
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Figure 7 - Pb data for each sampling round 
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3.4.5 Zn 
Collected Zn data is summarized in Figure 8. With the exception of the two samples 
collected closest to the sediment surface during sampling round 5, all other sediment from the 
wetland spiked portion had averaged Zn concentrations above the background range. Sediment 
samples collected from the wetland non-spike portion varied greatly in Zn concentration. Like 
Cu, Ni, and Pb, the averaged concentration of Zn in the majority of wetland non-spiked sediment 
samples from round 4 were significantly higher compared to sampling round 5, with an average 
decrease in Zn concentration of 488 ppm observed when comparing averaged values at the same 
height above the datum. With the exception of three samples, all sediment samples collected 
from the open water cell had an averaged Zn concentration above the background concentration 
range, including all sediment samples from sampling round 2. As a result, it is difficult to 
determine whether or not migration of Zn to the open water cell occurred during the study.  
Cypress samples collected from the wetland cell of the model had an averaged Zn 
concentration of 1866 ppm indicating that significant adsorption of Zn to the cypress litter 
throughout the study. Of all the metals studied, Zn data was the most difficult to interpret. For 
the other studied metals, there was clear separation between one or more of the three different 
types of sediment samples (wetland spike, wetland non-spike, and open water), but this was not 
the case for Zn. In addition, open water sediment samples collected from rounds 2 and 3 had 
higher averaged Zn concentrations compared to wetland non-spiked sediment samples at the 
same depths.  
This could indicate that bypass of the wetland non-spike portion of the model occurred, 
or that Zn was concentrated in the cypress and thus did not appear as high in the wetland non-
spiked sediment. However, cypress samples showed elevated Zn concentrations which would 
 27 
 
suggest that Zn should first adsorb to cypress in the wetland cell before migrating to the open 
water cell. Difficulty in interpreting the Zn data could potentially be attributed to the fact that of 
all the studied metals, Zn exhibited the greatest deviation in initial background concentration 
which made it difficult to determine the actual background concentration range with great 
certainty. The tank used to construct the model for this study was made of galvanized steel, 
which is coated in Zn. When designing the study, this was not thought to be an issue given the 
relatively long service life of galvanized steel compared to the duration of the study. However, it 
is possible that some contamination Zn occurred.  
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Figure 8 - Zn data for each sampling round 
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4. CONCLUSIONS 
The results of the study show that mobilization of Co, Cu, Ni, and Pb from the spiked 
slurry did occur. Sediment and cypress samples collected from layers overlying the spiked slurry 
had concentrations of these metals well above background. Had mobilization not occurred, it 
would be expected that overlying sediment and cypress layers would have had metal 
concentrations similar to background. However, direct evidence of mobilization was primarily 
vertical, with indirect evidence of horizontal mobilization on the scale of centimeters. Significant 
migration, on the scale of tens of centimeters, into the adjacent wetland and open water cells was 
not observed.  
Transport of metals was possible by simple diffusion, or by advective transport as water 
rose and drained from pores during cycles of inundation and aeration, respectively. Horizontal 
advective transport over short distances was also possible due to the induced horizontal gradient 
through sediment pores as water was added or extracted from one end of the model. Low Eh in 
underlying layers favored dissolution of Mn- and Fe-oxyhydroxides and release of metals. 
Higher Eh near the sediment surface generally favored formation or preservation of the 
oxyhydroxides and greater adsorption of the metals.  
While mobilization of metals with subsequent adsorption was predominantly limited to 
the wetland cell for this study, other work has indicated that this may not be the case for natural 
riparian wetland systems. Processes such as rafting of organic material or disturbance and 
transport of deposited wetland sediments may lead to transport out of riparian wetlands and into 
open water.
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Therefore, when assessing the ability of riparian wetlands to serve as sinks for metals, the 
dynamics of each individual wetland should be carefully evaluated in order to determine if the 
wetland demonstrates characteristics which may favor the release and transport of metals initially 
adsorbed in the wetland.  
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    Table 6 - Cypress sample data for sampling rounds 1-3 
Sample 
ID 
Sampling 
Round 
Collection Point 
Height 
above 
Datum 
(cm) 
Co 
(ppm) 
Cu 
(ppm) 
Ni 
(ppm) 
Pb 
(ppm) 
Zn 
(ppm) 
C0-1 1 initial stock - 2.10 14.98 2.66 ND 45.1 
C0-2 1 initial stock - 2.62 6.41 3.27 ND 40.8 
C0-3 1 initial stock - 1.46 4.60 2.29 ND 22.5 
C0-4 1 initial stock - 1.52 6.29 2.84 ND 52.7 
C2-1 2 wetland spike 1 40.2 287 104 618 2050 
C2-2 2 wetland spike 1 40.7 283 94 690 1700 
C2-3 2 wetland non-spike 1 18.4 61.8 47.8 32.5 1230 
C2-4 2 wetland non-spike 1 22.4 53.1 59.0 26.8 1620 
C3-1 3 wetland spike 1.67 26.7 29.1 51.1 13.9 2170 
C3-2 3 wetland spike 1 49.3 433 120 1140 2120 
C3-3 3 wetland spike 1.67 22.4 23.4 40.4 17.7 937 
C3-4 3 wetland spike 1 3.53 4.02 4.32 0.752 451 
C3-5 3 wetland non-spike 1.67 14.3 20.4 26.7 8.07 671 
C3-6 3 wetland non-spike 1 21.0 100 58.4 54.2 1350 
C3-7 3 wetland non-spike 1.67 6.85 14.9 32.9 7.46 535 
C3-8 3 wetland non-spike 1 31.9 116 91.9 41.5 2380 
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Table 7 - Cypress sample data for sampling rounds 4 and-5 
Sample 
ID 
Sampling 
Round 
Collection Point 
Height 
above 
Datum (cm) 
Co 
(ppm) 
Cu 
(ppm) 
Ni 
(ppm) 
Pb 
(ppm) 
Zn 
(ppm) 
C4-1 4 wetland spike 2.34 25.5 24.3 33.0 7.25 3180 
C4-2 4 wetland spike 1.67 29.7 286 70.4 1860 1310 
C4-3 4 wetland spike 1 30.7 270 68.5 2000 1250 
C4-4 4 wetland spike 2.34 35.7 354 93.3 2400 1590 
C4-5 4 wetland spike 1.67 26.8 262 57.2 415 1160 
C4-6 4 wetland spike 1 31.1 299 67.1 1960 1320 
C4-7 4 wetland non-spike 2.34 18.9 32.3 24.9 7.45 5340 
C4-8 4 wetland non-spike 1.67 19.8 203 57.2 202 1420 
C4-9 4 wetland non-spike 1 21.5 226 63.8 315 1520 
C4-10 4 wetland non-spike 2.34 19.9 37.4 30.1 6.8 7160 
C4-11 4 wetland non-spike 1.67 13.6 75.2 44.6 23.2 1570 
C4-12 4 wetland non-spike 1 14.5 77.9 49.6 25.4 1630 
C5-1 5 wetland spike 2.34 16.0 39.7 39.3 15.6 1300 
C5-2 5 wetland spike 1.67 24.4 260 60.5 2490 1220 
C5-3 5 wetland spike 1 21.5 208 50.6 690.2 943 
C5-4 5 wetland spike 2.34 16.5 94.1 49.3 42.8 1880 
C5-5 5 wetland spike 1.67 26.7 239 60.9 1340 1360 
C5-6 5 wetland spike 1 26.6 263 62.3 1580 1360 
C5-7 5 wetland non-spike 2.34 15.1 45.4 39.0 18.8 2820 
C5-8 5 wetland non-spike 1.67 16.4 132 48.8 62.1 2170 
C5-9 5 wetland non-spike 1 17.5 47.8 44.2 20.3 1720 
C5-10 5 wetland non-spike 2.34 12.9 43.7 35.9 16.4 2470 
C5-11 5 wetland non-spike 1.67 15.5 75.6 48.2 23.7 2150 
C5-12 5 wetland non-spike 1 15.5 64.3 50.1 21.5 2130 
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    Table 8 - Sediment sample data for sampling rounds 1 and 2 
Sample 
ID 
Sampling 
Round  
Collection Point 
Height 
above 
Datum 
(cm) 
Co 
(ppm) 
Cu 
(ppm) 
Ni  
(ppm) 
Pb 
(ppm) 
Zn 
(ppm) 
1-1 1 initial stock 0-0.5 5.742 13.59 16.31 22.50 156.5 
1-2 1 initial stock 0.5-1.0 10.17 14.03 17.28 30.30 228.4 
1-3 1 initial stock 0-0.5 5.073 12.16 13.97 13.19 164.5 
1-4 1 initial stock 0.5-1.0 8.004 12.84 14.04 13.72 220.7 
1-5 1 initial stock 0-0.5 4.815 15.49 14.52 13.57 210.9 
1-6 1 initial stock 0.5-1.0 15.18 21.88 24.97 33.69 411.6 
1-7 1 initial stock 0-0.5 6.243 12.57 14.80 14.52 179.8 
1-8 1 initial stock 0.5-1.0 16.83 22.22 27.08 31.81 497.8 
1-9 1 initial stock 0-0.5 10.68 25.66 27.08 38.72 277.2 
1-10 1 initial stock 0.5-1.0 6.272 17.08 15.91 16.55 462.9 
1-11 1 initial stock 0-0.5 5.995 14.29 16.06 17.02 223.8 
1-12 1 initial stock 0.5-1.0 9.694 19.03 18.72 27.48 879.8 
2-1 2 wetland spike 0-0.5 36.45 149.6 91.12 123.4 1393 
2-2 2 wetland spike 0.5-1.0 38.32 126.8 86.76 135.9 1256 
2-3 2 wetland spike 1.0-1.5 28.27 120.7 62.53 105.0 1149 
2-4 2 wetland spike 0-0.5 43.14 228.8 109.6 208.9 1710 
2-5 2 wetland spike 0.5-1.0 38.73 143.2 83.13 285.4 1331 
2-6 2 wetland spike 1.0-1.5 22.02 24.94 43.64 32.82 667.1 
2-7 2 wetland non-spike 0-0.5 13.97 15.21 29.45 14.96 388.5 
2-8 2 wetland non-spike 0.5-1.0 24.70 18.56 55.50 16.25 1019 
2-9 2 wetland non-spike 1.0-1.5 12.35 22.47 26.42 17.84 484.5 
2-10 2 wetland non-spike 0-0.5 12.89 15.96 26.77 15.61 349.3 
2-11 2 wetland non-spike 0.5-1.0 18.84 18.61 42.77 18.93 823.2 
2-12 2 wetland non-spike 1.0-1.5 14.05 24.58 34.33 17.06 730.2 
2-13 2 open water 0-0.5 17.19 22.51 46.71 16.83 2797 
2-14 2 open water 0.5-1.0 11.53 22.60 30.24 13.07 1459 
2-15 2 open water 1.0-1.5 15.96 22.99 26.69 12.67 962.7 
2-16 2 open water 0-0.5 13.53 17.83 36.13 15.68 2067 
2-17 2 open water 0.5-1.0 11.97 21.33 24.77 12.68 966.2 
2-18 2 open water 1.0-1.5 16.01 24.44 25.85 14.64 1049 
 
 
 
 
 
 
  
 
 38 
 
 
Table 9 - Sediment sample data for sampling round 3 
Sample 
ID 
Sampling 
Round  
Collection Point 
Height 
above 
Datum 
(cm) 
Co 
(ppm) 
Cu 
(ppm) 
Ni  
(ppm) 
Pb 
(ppm) 
Zn 
(ppm) 
3-1 3 wetland spike 0-0.5 33.69 43.70 90.47 26.80 1533 
3-2 3 wetland spike 0.5-1.0 32.68 139.5 81.94 117.0 1352 
3-3 3 wetland spike 1.0-1.5 35.30 151.3 87.65 804.6 1435 
3-4 3 wetland spike 1.5-2.0 30.62 142.0 76.12 199.6 1103 
3-5 3 wetland spike 0-0.5 36.26 37.36 96.88 12.79 1744 
3-6 3 wetland spike 0.5-1.0 37.90 137.8 96.08 102.7 1566 
3-7 3 wetland spike 1.0-1.5 37.68 213.7 96.00 1222 1438 
3-8 3 wetland spike 1.5-2.0 22.73 41.14 51.43 27.09 774.7 
3-9 3 wetland non-spike 0-0.5 12.17 15.18 22.18 16.18 124.7 
3-10 3 wetland non-spike 0.5-1.0 12.49 10.65 22.22 11.76 162.1 
3-11 3 wetland non-spike 1.0-1.5 24.12 16.74 58.47 15.30 991.0 
3-12 3 wetland non-spike 1.5-2.0 18.09 26.15 44.20 22.47 618.5 
3-13 3 wetland non-spike 0-0.5 8.168 10.67 17.91 11.01 166.1 
3-14 3 wetland non-spike 0.5-1.0 14.81 16.17 33.07 11.99 584.4 
3-15 3 wetland non-spike 1.0-1.5 19.94 20.10 49.30 13.53 1017 
3-16 3 wetland non-spike 1.5-2.0 15.03 26.55 37.49 20.23 862.0 
3-17 3 open water 0-0.5 8.936 13.14 22.23 15.72 834.2 
3-18 3 open water 0.5-1.0 12.04 15.93 32.44 15.27 1853 
3-19 3 open water 1.0-1.5 11.29 27.27 33.18 15.00 1547 
3-20 3 open water 1.5-2.0 11.59 24.04 21.01 16.46 799.1 
3-21 3 open water 0-0.5 9.741 15.00 24.51 16.15 986.4 
3-22 3 open water 0.5-1.0 11.42 13.64 30.34 16.55 1701 
3-23 3 open water 1.0-1.5 10.26 21.92 26.08 14.90 1205 
3-24 3 open water 1.5-2.0 12.55 22.53 20.63 14.02 763.9 
 
 
 
 
 
 
 
 
 
 
 
 
 
 39 
 
 
 
Table 10 - Sediment sample data for sampling round 4 
Sample 
ID 
Sampling 
Round  
Collection Point 
Height 
above 
Datum 
(cm) 
Co 
(ppm) 
Cu 
(ppm) 
Ni  
(ppm) 
Pb 
(ppm) 
Zn 
(ppm) 
4-1 4 wetland spike 0-0.5 31.56 98.21 90.56 19.55 1589 
4-2 4 wetland spike 0.5-1.0 33.48 128.2 88.16 58.66 1446 
4-3 4 wetland spike 1.0-1.5 34.70 164.9 84.82 233.0 1455 
4-4 4 wetland spike 1.5-2.0 31.43 188.1 80.46 1298 1333 
4-5 4 wetland spike 2.0-2.5 23.53 102.2 48.64 81.04 1024 
4-6 4 wetland spike 0-0.5 33.94 150.3 101.0 39.99 1803 
4-7 4 wetland spike 0.5-1.0 36.37 149.6 95.95 243.6 1690 
4-8 4 wetland spike 1.0-1.5 32.65 211.1 85.21 1136 1341 
4-9 4 wetland spike 1.5-2.0 26.95 133.4 55.96 197.8 1023 
4-10 4 wetland spike 2.0-2.5 23.43 72.34 41.07 69.14 1078 
4-11 4 wetland non-spike 0-0.5 22.12 75.01 67.15 16.83 1342 
4-12 4 wetland non-spike 0.5-1.0 25.88 105.1 75.65 103.4 1391 
4-13 4 wetland non-spike 1.0-1.5 23.23 148.9 67.47 260.4 1353 
4-14 4 wetland non-spike 1.5-2.0 20.39 146.4 70.03 172.2 1331 
4-15 4 wetland non-spike 2.0-2.5 19.29 45.32 49.13 21.42 1561 
4-16 4 wetland non-spike 0-0.5 12.08 14.59 25.31 10.72 277.1 
4-17 4 wetland non-spike 0.5-1.0 14.67 15.97 33.30 11.87 569.6 
4-18 4 wetland non-spike 1.0-1.5 16.79 18.99 48.45 12.99 1065 
4-19 4 wetland non-spike 1.5-2.0 14.62 79.08 53.05 20.53 1473 
4-20 4 wetland non-spike 2.0-2.5 14.37 31.10 45.68 15.48 1495 
4-21 4 open water 0-0.5 12.45 23.71 34.31 14.23 1974 
4-22 4 open water 0.5-1.0 10.53 22.57 28.11 10.85 1466 
4-23 4 open water 1.0-1.5 9.383 24.86 20.55 10.96 971.2 
4-24 4 open water 1.5-2.0 15.49 42.80 26.41 19.13 992.8 
4-25 4 open water 2.0-2.5 11.64 51.22 22.50 20.38 1751 
4-26 4 open water 0-0.5 12.31 23.93 32.11 12.77 1853 
4-27 4 open water 0.5-1.0 9.520 18.23 23.47 9.429 1074 
4-28 4 open water 1.0-1.5 11.12 27.96 22.47 11.64 1120 
4-29 4 open water 1.5-2.0 14.60 38.49 26.29 15.99 1064 
4-30 4 open water 2.0-2.5 17.74 89.68 37.62 35.98 2489 
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Table 11 - Sediment sample data for sampling round 5 
Sample 
ID 
Sampling 
Round  
Collection Point 
Height 
above 
Datum 
(cm) 
Co 
(ppm) 
Cu 
(ppm) 
Ni  
(ppm) 
Pb 
(ppm) 
Zn 
(ppm) 
5-1 5 wetland spike 0-0.5 18.78 14.11 39.59 13.25 480.1 
5-2 5 wetland spike 0.5-1.0 31.25 17.12 76.94 18.86 1193 
5-3 5 wetland spike 1.0-1.5 28.10 44.09 71.25 26.40 1227 
5-4 5 wetland spike 1.5-2.0 26.14 130.4 65.35 203.0 1085 
5-5 5 wetland spike 2.0-2.5 21.97 111.5 50.29 247.4 1093 
5-6 5 wetland spike 2.5-3.0 17.99 55.03 34.50 18.72 973.8 
5-7 5 wetland spike 0-0.5 26.94 14.94 64.63 11.76 1098 
5-8 5 wetland spike 0.5-1.0 8.424 5.758 23.65 4.284 505.7 
5-9 5 wetland spike 1.0-1.5 29.95 105.4 85.39 24.75 1589 
5-10 5 wetland spike 1.5-2.0 30.80 140.6 76.69 440.1 1371 
5-11 5 wetland spike 2.0-2.5 21.05 63.02 40.98 72.43 1112 
5-12 5 wetland spike 2.5-3.0 16.69 41.93 32.44 19.82 1076 
5-13 5 wetland non-spike 0-0.5 8.289 14.91 16.68 11.13 91.27 
5-14 5 wetland non-spike 0.5-1.0 9.441 13.83 18.17 10.87 111.7 
5-15 5 wetland non-spike 1.0-1.5 10.50 14.21 21.25 10.74 166.7 
5-16 5 wetland non-spike 1.5-2.0 13.21 17.30 30.56 13.13 505.3 
5-17 5 wetland non-spike 2.0-2.5 18.10 25.19 48.13 15.13 1131 
5-18 5 wetland non-spike 2.5-3.0 14.70 53.33 34.89 17.72 1327 
5-19 5 wetland non-spike 0-0.5 7.934 14.08 16.62 10.78 82.23 
5-20 5 wetland non-spike 0.5-1.0 8.460 13.22 17.10 10.48 98.07 
5-21 5 wetland non-spike 1.0-1.5 9.654 13.84 19.71 10.68 208.3 
5-22 5 wetland non-spike 1.5-2.0 12.95 15.01 28.08 11.14 506.6 
5-23 5 wetland non-spike 2.0-2.5 17.93 34.42 51.87 15.17 1531 
5-24 5 wetland non-spike 2.5-3.0 14.47 42.03 35.68 17.68 1391 
5-25 5 open water 0-0.5 10.68 22.68 27.93 10.78 1172 
5-26 5 open water 0.5-1.0 9.151 20.83 21.65 9.232 833.8 
5-27 5 open water 1.0-1.5 7.654 23.77 19.95 10.35 707.4 
5-28 5 open water 1.5-2.0 7.197 20.29 15.08 7.640 571.9 
5-29 5 open water 2.0-2.5 8.901 38.73 19.38 19.12 1032 
5-30 5 open water 2.5-3.0 11.03 47.98 25.20 13.68 1182 
5-31 5 open water 0-0.5 10.97 16.66 30.58 14.09 1844 
5-32 5 open water 0.5-1.0 10.19 25.30 27.10 11.39 1435 
5-33 5 open water 1.0-1.5 9.102 21.41 21.33 9.574 1020 
5-34 5 open water 1.5-2.0 13.96 35.33 28.41 16.22 1115 
5-35 5 open water 2.0-2.5 11.76 53.36 24.93 24.62 1762 
5-36 5 open water 2.5-3.0 13.23 74.53 31.42 16.56 1563 
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Table 12 -Open water cell ORP data (8-14-12 to 9-27-12) 
Date 
 0 cm open 
water (mV) 
 0 cm open 
water (mV) 
 1 cm open 
water (mV) 
 1 cm open 
water (mV) 
 2 cm open 
water (mV) 
 2 cm open 
water (mV) 
8/14/2012 55 199 -135 -94 -140 -88 
8/15/2012 32 176 -81 -113 -202 -175 
8/16/2012 35 256 -84 -150 -267 -230 
8/18/2012 67 -131 -32 -112 -85 13 
8/19/2012 120 -193 24 -54 -168 166 
8/21/2012 116 29 98 -44 -217 -142 
8/22/2012 95 -161 72 -69 -242 -31 
8/23/2012 125 -37 -44 -78 -245 -170 
8/24/2012 170 120 31 -61 -95 6 
8/25/2012 156 8 -88 -126 -130 -51 
8/26/2012 135 -37 -103 -146 -135 -80 
8/27/2012 107 -5 -94 -153 -138 -120 
8/28/2012 110 -73 -80 -85 -142 -132 
8/29/2012 119 9 -57 -102 -169 -138 
8/30/2012 124 -19 -55 -94 -172 -141 
8/31/2012 184 170 79 -107 -71 41 
9/2/2012 151 -27 12 -157 -133 12 
9/3/2012 152 64 22 -130 -129 32 
9/4/2012 132 63 18 -68 -138 16 
9/5/2012 123 77 22 52 -144 -26 
9/6/2012 119 155 24 52 -151 -23 
9/7/2012 119 98 44 -49 -157 -20 
9/10/2012 41 295 45 -17 -118 -74 
9/11/2012 20 320 44 23 -122 -57 
9/12/2012 118 292 40 62 -136 -14 
9/13/2012 132 233 42 28 -145 -65 
9/14/2012 266 293 35 27 -155 -68 
9/17/2012 186 166 57 39 -140 -87 
9/18/2012 163 235 40 26 -150 -87 
9/19/2012 162 235 39 8 -162 -93 
9/20/2012 168 243 41 -2 -169 -91 
9/21/2012 180 255 37 -34 -178 -88 
9/23/2012 65 151 19 75 -30 40 
9/24/2012 57 106 36 33 -37 18 
9/25/2012 172 264 60 65 -142 -2 
9/26/2012 300 280 56 -90 -157 -22 
9/27/2012 340 300 55 75 -165 -24 
 
 42 
 
Table 13 - Open water cell ORP data (9-28-12 to 11-23-12) 
Date 
 0 cm open 
water (mV) 
 0 cm open 
water (mV) 
 1 cm open 
water (mV) 
 1 cm open 
water (mV) 
 2 cm open 
water (mV) 
 2 cm open 
water (mV) 
9/28/2012 347 281 53 55 -175 -26 
9/30/2012 62 76 22 4 4 26 
10/1/2012 116 152 38 -21 -41 4 
10/2/2012 129 150 35 -22 -50 -4 
10/3/2012 199 250 62 -36 -98 -15 
10/4/2012 256 252 70 -24 -98 -16 
10/5/2012 358 390 75 -51 -185 -64 
10/8/2012 340 385 45 40 -161 5 
10/9/2012 308 392 41 29 -176 -20 
10/10/2012 330 N/A 39 17 -197 -22 
10/11/2012 244 381 39 3 -204 -23 
10/12/2012 250 347 39 -6 -212 -22 
10/16/2012 327 338 117 215 -178 -91 
10/18/2012 313 347 69 98 -185 -71 
10/19/2012 327 363 70 150 -185 -51 
10/21/2012 114 119 92 63 -44 -11 
10/22/2012 134 327 141 193 -94 -45 
10/23/2012 330 373 50 176 -176 -94 
10/24/2012 327 383 42 88 -180 -98 
10/25/2012 343 394 59 92 -182 -95 
10/26/2012 335 384 55 79 -184 -91 
10/28/2012 276 313 189 60 -68 -67 
10/29/2012 400 420 278 -10 -122 -120 
10/30/2012 377 429 203 -11 -138 -123 
10/31/2012 377 431 152 -101 -142 -120 
11/1/2012 379 436 89 -94 -138 -105 
11/2/2012 376 411 109 -47 -242 -75 
11/5/2012 343 402 95 138 -124 -133 
11/6/2012 350 392 99 129 -128 -119 
11/7/2012 364 397 106 109 -127 -104 
11/8/2012 367 382 67 105 -128 -88 
11/9/2012 351 376 76 116 -131 -94 
11/12/2012 299 321 59 113 -115 -71 
11/13/2012 322 345 98 166 -121 -75 
11/14/2012 305 354 65 157 -132 -79 
11/15/2012 305 366 55 -28 -134 -86 
11/23/2012 177 215 164 116 -72 56 
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Table 14 - Open water cell ORP data (11-25-12 to 3-8-13)                                              
Date 
 0 cm open 
water (mV) 
 0 cm open 
water (mV) 
 1 cm open 
water (mV) 
 1 cm open 
water (mV) 
 2 cm open 
water (mV) 
 2 cm open 
water (mV) 
11/25/2012 337 397 190 214 -150 8 
11/28/2012 N/A 403 130 213 N/A -14 
12/3/2012 262 315 78 45 -34 15 
12/6/2012 250 409 66 39 -91 -55 
12/7/2012 266 409 69 29 -92 59 
12/11/2012 89 120 38 5 -17 15 
12/14/2012 302 366 113 -24 -140 6 
12/17/2012 285 160 163 86 -134 17 
12/20/2012 261 120 -34 6 -202 2 
12/21/2012 248 125 -31 -18 -189 -2 
12/29/2012 124 45 62 8 -22 -4 
1/1/2013 330 135 -96 21 -144 21 
1/3/2013 291 92 -125 23 -170 -1 
1/4/2013 300 101 -164 21 -186 3 
1/7/2013 305 123 106 82 -143 -3 
1/14/2013 276 152 -87 68 -128 -27 
1/16/2013 253 125 -98 60 -153 -37 
1/18/2013 172 209 -91 53 -183 -41 
1/25/2013 290 156 -5 -44 -21 -164 
1/26/2013 306 171 -21 -7 -12 -158 
1/28/2013 192 122 -33 -152 -14 -176 
1/30/2013 19 107 -37 -170 -4 -176 
2/1/2013 22 159 -17 -204 -1 -160 
2/5/2013 296 160 -121 -94 -107 -179 
2/7/2013 325 142 96 56 -51 -158 
2/10/2013 276 179 66 3 -50 -48 
2/12/2013 266 223 43 -13 -58 -146 
2/15/2013 245 253 8 -9 -56 -241 
2/17/2013 292 180 19 20 -101 -135 
2/19/2013 286 145 -11 -29 -44 -142 
2/22/2013 319 147 -10 -61 -40 -149 
2/25/2013 236 137 13 -11 -19 -45 
2/27/2013 175 111 15 -38 -31 -60 
3/2/2013 255 149 15 -44 -22 -61 
3/5/2013 266 239 -62 -47 -22 -170 
3/8/2013 299 291 -14 -24 -26 -81 
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Table 15 - Open water cell ORP data (3-11-13 to 6-19-13) 
Date 
 0 cm open 
water (mV) 
 0 cm open 
water (mV) 
 1 cm open 
water (mV) 
 1 cm open 
water (mV) 
 2 cm open 
water (mV) 
 2 cm open 
water (mV) 
3/11/2013 265 317 94 162 -39 20 
3/13/2013 246 294 40 -16 -27 -25 
3/16/2013 230 269 -1 -14 -21 -11 
3/18/2013 248 275 14 -8 -31 3 
3/26/2013 -182 -94 -49 -65 -49 -4 
3/28/2013 -318 -267 -119 -128 -43 5 
3/31/2013 -336 -316 -183 -137 -55 1 
4/2/2013 -33 -23 -224 -116 -7 6 
4/5/2013 -217 N/A -31 -147 -26 -21 
4/8/2013 75 76 -72 -74 -72 19 
4/14/2013 218 226 -169 -221 -76 -45 
4/17/2013 235 202 -144 -181 -47 -29 
4/20/2013 232 209 -151 -251 -57 -44 
4/24/2013 125 244 -244 -144 -11 -4 
4/27/2013 37 430 -188 -291 31 -11 
4/29/2013 91 438 -183 -271 36 -7 
5/2/2013 193 315 -223 -298 11 -51 
5/4/2013 218 293 -175 -261 -4 -56 
5/7/2013 171 246 2 -129 -100 -56 
5/10/2013 155 240 -27 -133 -53 -35 
5/13/2013 183 241 177 -91 -51 -34 
5/16/2013 211 203 130 -101 -46 -34 
5/18/2013 179 222 197 -88 -40 -33 
5/22/2013 25 259 -184 -134 -77 -88 
5/24/2013 22 385 -199 -72 -45 -85 
5/27/2013 85 428 -202 -58 25 -61 
5/30/2013 196 293 -151 -64 -11 -38 
6/2/2013 188 276 -160 -64 -41 -67 
6/5/2013 262 39 158 -37 -98 -98 
6/7/2013 203 197 6 -95 -74 -79 
6/10/2013 232 195 -78 -181 -91 -119 
6/13/2013 208 205 -58 -191 -65 -113 
6/19/2013 99 145 -151 -281 -66 -113 
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            Table 16 - Wetland cell ORP data (8-14-12 to 9-27-12) 
Date 
0 cm 
wetland 
(mV) 
0 cm 
wetland 
(mV) 
1 cm 
wetland 
(mV) 
1 cm 
wetland 
(mV) 
2 cm 
wetland 
(mV) 
2 cm 
wetland 
(mV) 
8/14/2012 -74 121 109 -76 72 -42 
8/15/2012 91 112 112 -131 67 -68 
8/16/2012 96 119 33 -256 77 -145 
8/18/2012 80 76 27 119 116 -39 
8/19/2012 98 85 34 118 82 -94 
8/21/2012 179 69 35 -48 -111 -112 
8/22/2012 132 61 19 -64 -104 -135 
8/23/2012 128 62 13 -69 -100 -166 
8/24/2012 235 198 72 93 -20 -152 
8/25/2012 200 197 48 53 -87 -256 
8/26/2012 198 205 39 42 -72 -108 
8/27/2012 207 209 35 31 -56 -20 
8/28/2012 206 213 24 17 -98 -97 
8/29/2012 183 227 14 6 -102 -105 
8/30/2012 194 191 3 -7 -96 -115 
8/31/2012 260 253 -68 116 -79 -84 
9/2/2012 280 220 -141 -62 -9 -104 
9/3/2012 280 219 56 55 39 -111 
9/4/2012 261 222 75 48 -11 -114 
9/5/2012 244 226 62 43 -31 -131 
9/6/2012 230 223 61 39 -45 -148 
9/7/2012 237 229 51 37 -52 -120 
9/10/2012 166 62 15 71 -4 -88 
9/11/2012 82 43 -41 40 -21 13 
9/12/2012 15 1 -51 11 2 -29 
9/13/2012 28 41 -85 15 -20 -78 
9/14/2012 66 50 -34 -11 -57 -157 
9/17/2012 306 253 -17 89 -19 -159 
9/18/2012 327 300 -9 43 -14 -185 
9/19/2012 322 292 -2 26 -17 -152 
9/20/2012 280 236 -10 25 -23 -149 
9/21/2012 296 267 17 -22 -31 N/A 
9/23/2012 53 130 -44 -26 -3 -124 
9/24/2012 136 126 -74 -11 -3 -128 
9/25/2012 315 349 -61 -114 -24 -296 
9/26/2012 209 216 -110 -133 -34 -347 
9/27/2012 183 109 18 5 -47 -336 
 
 46 
 
            Table 17 - Wetland cell ORP data (9-28-12 to 11-23-12) 
Date 
0 cm 
wetland 
(mV) 
0 cm 
wetland 
(mV) 
1 cm 
wetland 
(mV) 
1 cm 
wetland 
(mV) 
2 cm 
wetland 
(mV) 
2 cm 
wetland 
(mV) 
9/28/2012 274 176 -23 56 -50 -312 
9/30/2012 68 82 29 -24 8 -40 
10/1/2012 107 127 68 -129 -14 -145 
10/2/2012 126 118 69 -146 -11 -148 
10/3/2012 126 230 95 -162 -29 -289 
10/4/2012 169 265 96 -141 -23 -274 
10/5/2012 362 371 86 -139 -74 -435 
10/8/2012 317 90 -131 2 -40 -300 
10/9/2012 282 80 48 -64 -51 -352 
10/10/2012 292 90 -14 -63 -58 -370 
10/11/2012 307 110 -37 -54 -71 -344 
10/12/2012 310 104 -76 -64 -76 -316 
10/16/2012 49 332 -122 91 -73 -385 
10/18/2012 332 338 -150 -64 -83 -388 
10/19/2012 305 305 -119 -62 -81 -371 
10/21/2012 119 134 53 22 -4 -71 
10/22/2012 290 256 205 59 -13 -287 
10/23/2012 215 320 158 44 -60 -336 
10/24/2012 286 299 -71 85 -68 -321 
10/25/2012 340 310 -73 -182 -74 -366 
10/26/2012 344 345 -64 -168 -71 -314 
10/28/2012 253 209 -3 -102 -7 -148 
10/29/2012 329 316 -25 -140 -57 -279 
10/30/2012 347 330 -62 -98 -74 -282 
10/31/2012 373 323 -118 -90 -81 -270 
11/1/2012 330 340 143 -210 -76 -273 
11/2/2012 340 313 223 -230 -84 -279 
11/5/2012 344 208 -183 -235 -158 -84 
11/6/2012 300 162 48 -34 -166 -75 
11/7/2012 323 129 -1 -68 -226 -94 
11/8/2012 353 130 -14 -84 -275 -108 
11/9/2012 357 106 -107 -34 -329 -118 
11/12/2012 378 354 173 132 -81 -275 
11/13/2012 375 357 180 116 -128 -299 
11/14/2012 339 364 130 163 -186 -307 
11/15/2012 380 366 254 212 -223 -326 
11/23/2012 225 184 -72 -63 -20 -28 
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            Table 18 - Wetland cell ORP data (11-25-12 to 3-11-13) 
Date 
0 cm 
wetland 
(mV) 
0 cm 
wetland 
(mV) 
1 cm 
wetland 
(mV) 
1 cm 
wetland 
(mV) 
2 cm 
wetland 
(mV) 
2 cm 
wetland 
(mV) 
11/25/2012 352 336 -300 -263 59 -63 
11/28/2012 420 335 -341 -273 -132 -70 
12/3/2012 -415 -411 -450 -444 -156 -246 
12/6/2012 -216 -207 -391 -295 -470 -402 
12/7/2012 -129 -284 -398 -287 -474 -295 
12/11/2012 91 82 -58 -35 -27 -78 
12/14/2012 234 202 -442 -182 -191 -284 
12/17/2012 302 201 116 -135 -73 -224 
12/20/2012 311 241 163 -179 -338 -200 
12/21/2012 322 271 221 -135 -265 -281 
12/29/2012 175 126 122 170 -67 -55 
1/1/2013 8 -81 -218 -232 -86 -292 
1/3/2013 -113 -242 -317 -267 -149 -236 
1/4/2013 -122 -360 -389 -371 -156 -263 
1/7/2013 116 161 -217 -105 -271 -130 
1/14/2013 228 291 -272 166 -161 -269 
1/16/2013 236 276 -226 206 -202 -303 
1/18/2013 268 292 -202 272 -13 -278 
1/25/2013 292 276 109 313 -46 -271 
1/26/2013 296 282 108 317 -37 -52 
1/28/2013 110 139 -49 -120 -57 -278 
1/30/2013 94 18 -138 -198 -117 -182 
2/1/2013 216 -155 -194 -383 -275 -171 
2/5/2013 218 222 -252 -257 -165 -241 
2/7/2013 229 249 -409 -311 -188 -393 
2/10/2013 279 222 -95 -291 -162 -412 
2/12/2013 290 207 42 -282 -143 -438 
2/15/2013 294 209 72 -221 -119 -432 
2/17/2013 239 211 76 170 -147 -159 
2/19/2013 226 223 95 180 -341 -174 
2/22/2013 180 222 77 232 -415 -247 
2/25/2013 186 202 51 69 -58 -264 
2/27/2013 222 210 -302 -57 -100 -297 
3/2/2013 360 256 -295 -168 -154 -306 
3/5/2013 312 219 -336 -221 -119 -290 
3/8/2013 217 179 -427 -320 -311 -284 
3/11/2013 243 286 -102 -248 -16 -141 
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             Table 19 - Wetland cell ORP data (3-13-13 to 6-19-13) 
Date 
0 cm 
wetland 
(mV) 
0 cm 
wetland 
(mV) 
1 cm 
wetland 
(mV) 
1 cm 
wetland 
(mV) 
2 cm 
wetland 
(mV) 
2 cm 
wetland 
(mV) 
3/13/2013 258 292 -271 -270 -144 -214 
3/16/2013 259 254 -187 -318 -232 -348 
3/18/2013 264 261 -148 -388 -295 -413 
3/26/2013 -213 -168 -54 -252 -44 -212 
3/28/2013 -382 -364 -140 -331 -7 -351 
3/31/2013 -390 -388 -208 -338 -290 -370 
4/2/2013 -192 -174 -277 -340 -319 -311 
4/5/2013 -191 -68 -256 -265 -261 -281 
4/8/2013 118 164 -139 -170 -80 -126 
4/14/2013 259 189 -292 -351 -238 -328 
4/17/2013 224 220 -244 -288 -218 -199 
4/20/2013 262 228 -203 -370 -346 -353 
4/24/2013 -89 -66 -234 -218 -155 -383 
4/27/2013 -226 -190 -297 -415 -187 -425 
4/29/2013 -443 -427 -333 -435 -168 -422 
5/2/2013 -21 -107 -307 -391 -245 -373 
5/4/2013 -27 -145 -372 -380 -268 -378 
5/7/2013 216 75 48 -181 -142 -173 
5/10/2013 65 44 48 -176 -345 -285 
5/13/2013 2 105 46 -218 -21 -335 
5/16/2013 48 128 47 -228 -266 -343 
5/18/2013 118 116 33 -191 -360 -341 
5/22/2013 222 24 -392 -194 -128 -270 
5/24/2013 200 -78 -259 -345 -136 -229 
5/27/2013 286 -144 -467 -430 -144 -293 
5/30/2013 93 56 -339 -348 -179 -221 
6/2/2013 169 8 -345 -356 -224 -333 
6/5/2013 213 -7 -125 -300 -268 -298 
6/7/2013 242 -74 -5 -258 -248 -290 
6/10/2013 272 -63 129 -462 -488 -480 
6/13/2013 300 123 -4 -294 -217 -317 
6/19/2013 61 -204 -169 -448 -298 -415 
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